ABSTRACT: Crossbred steers (n = 7; 400 kg BW), fitted with T-type cannulas in the duodenum and ileum, were used to examine the effects of processing method, dry-rolled (DR) vs steam-flaked (SF) sorghum grain, and degree of processing (flake density; FD) of SF corn (SFC) and SF sorghum (SFS) grain on site and extent of DM, starch, and N digestibilities and to measure extent of microbial N flow to the duodenum. In Exp. 1, diets contained 77% DRS or 77% SFS with FD of 437, 360, and 283 g/L (SF34, SF28, and SF22). In Exp. 2, diets contained 77% SFC with FD of SF34 or SF22. For sorghum and corn diets, respective average daily intakes were as follows: DM, 6.7 and 8.1 kg; starch, 3.8 and 4.7 kg; N, 136 and 149 g. Steers fed SFS vs DRS increased (P = .01) starch digestibilities (percentage of intake) in the rumen (82 vs 67%) and total tract (98.9 vs 96.5%) and decreased digestibilities in the small intestine (16 vs 28%; P = .01) and large intestine (.5 vs 1.2%; P = .05). As a percentage of starch entering the segment, digestibility was increased (P = .01) within the small intestine (91 vs 85%) but was not altered within the large intestine by steers fed SFS vs DRS. Decreasing FD of SFS and of SFC, respectively, linearly
Introduction
Grains are the major source of ME and CP for rapidly growing cattle. Steam flaking of grain is used in feedlot operations to improve efficiency of feed utilization (Hale et al., 1980; Xiong et al., 1991; Barajas and Zinn, 1998;  2824 increased starch digestibilities (percentage of intake) in the rumen (P = .03, .02) and total tract (P = .03, .09) and linearly diminished starch digestibilities in the small intestine (P = .04, .09). Starch digestibilities (percentage of entry) within the small or large intestine were not changed by FD. The percentage of dietary corn or sorghum starch digested in the large intestine was very small, less than 2% of intake. Microbial N flow to the duodenum was not altered by SFS compared to DRS, or by decreasing FD of SFS and SFC. Reducing FD of SFS, but not of SFC, tended to decrease (P = .07) microbial efficiency linearly and tended to increase (P = .06) total tract N digestibilities linearly. Steam flaking compared to dry rolling of sorghum grain and decreasing FD of SFC and SFS grain consistently increased starch digestibility in the rumen and total tract of growing steers. The greatest total digestibility of dietary starch occurred when the proportion digested in the rumen was maximized and the fraction digested in the small intestine was minimized. These changes in sites of digestion account, in part, for the improved N conservation and greater hepatic output of glucose by steers fed lower FD of SFS reported in our companion papers. Swingle et al., 1999 ). An increase in ruminal and total starch digestibility seems to be the principal effect of feeding steam-flaked (SF) compared with dry-rolled (DR), cracked, or steam-rolled corn or sorghum (Theurer, 1986; Theurer et al., 1996; Huntington, 1997) .
Studies with beef cattle to determine the effect of altering flake density (FD; degree of processing) of SF corn (SFC) or SF sorghum grain (SFS) on N digestibility, microbial N flow to the small intestine, and starch digestibility in the rumen, and particularly the small and large intestines, are limited. Postruminal (as a percentage of starch flow to the duodenum) and total starch digestibility in steers fed SFC increased linearly when FD was decreased, but a reduction in FD did not affect ruminal starch digestibility (Zinn, 1990a) . In contrast, with SFS grain decreasing FD did not alter digestibilities (percentage of entry) within the small or large intestine, but it linearly increased ruminal and total starch digestibilities as FD decreased (Swingle et al., 1999) . Total tract digestibilities of N were increased linearly with decreasing FD in these two studies. Swingle et al. (1999) did not measure microbial N flow to the duodenum, and FD did not alter microbial N flow when steers were fed SFC (Zinn, 1990a) . We are not aware of studies comparing the effect of FD on site and extent of nutrient digestibilities and on postabsorptive nutrient metabolism.
Thus, our objectives were to determine the effects of processing methods (DRS vs SFS grain) and degree of processing (FD) of SFC and SFS grains on site and extent of DM, starch, and N digestion in various segments of the gastrointestinal tract, and on microbial N flow to the small intestine.
Materials and Methods

Experiment 1: Sorghum Grain
Both Exp. 1 and 2 were conducted under a research protocol approved by the University of Arizona Institutional Animal Care and Use Committee. The University of Arizona is accredited by the American Association of Laboratory Care for Farm Animals. Exp. 1 is a companion study to the postabsorptive metabolism study reported by Alio (1997) and Lozano (1997) . Steers for each study were obtained from the same pool of 32 animals, housed in the same pens, and fed the same diets. Crossbred steers (n = 7; 400 kg initial BW) were fitted with T-type cannulas in the proximal duodenum (∼ 8 cm from the pyloric sphincter) and in the distal ileum (∼ 20 cm anterior to the ileal-cecal junction). Steers were housed in individual partially shaded pens with concrete floors (2.5 to 5 m), and they had free access to water. Experimental diets (Table 1) contained 77% sorghum grain and were formulated to meet CP and ME requirements for steers gaining 1.0 kg/d (NRC, 1984) . The four dietary treatments were DRS grain and SFS grain flaked to densities of 437, 360, and 283 g/L (SF34, SF28, and SF22, respectively, referring to 34, 28, and 22 lb/bushel as used in commercial feedlots). The DR grain was prepared by passing whole grain through a roller mill (46-× 76-cm rollers) adjusted to produce coarsely ground grain with a density of approximately 643 g/L (∼ 50 lb/bushel). The SF grain was prepared by steaming whole grain (∼ 45 min) in a vertical steam chamber to raise the moisture level to 18 to 20%; steamed grain was passed through the roller mill to produce each desired FD. Swingle et al. (1999) described this process in greater detail. Chromium oxide was added as a flow digesta marker at .3% of the diet.
The experimental design was a randomized complete block using steer and period as block criteria. The four dietary treatments were randomly allotted to each steer over the four periods. All four treatments were included in each period, but not equally because of randomization. Each of the four experimental periods consisted of 14 d, with 11 d for adaptation and 3 d for sample collections. Steers were switched from the previous diet to the next during the first 4 d of the adaptation. During diet changeover, there were no apparent digestive disturbances and only minor changes in daily feed consumption. Diets were offered at 0700 and 1900 daily; amounts offered were held constant for 5 to 7 d before sampling and were approximately 10% in excess of steer consumption. The adaption period seemed adequate to minimize any carryover effects between treatments, considering that differences among treatments for starch flows to the duodenum, ileum, and feces were great and very consistent for individual animals and that ruminal passage rate of SF sorghum (and starch) exceeds 4%/h for steers (Poore et al., 1990) .
Samples of feed and orts were taken daily during the last 5 d of each period. Duodenal (∼ 300 mL), ileal (∼ 200 mL), and fresh fecal (∼ 300 g wet basis) samples were collected four times daily every 6 h during the last 3 d of each period. Collection times were advanced by 2 h every 24 h. This collection system provided a total of 12 samples, representing each 2 h of a 24-h period. Two duodenal samples were collected each sampling for nutrient analyses and for bacterial cell isolation and microbial N analyses. All samples were immediately placed on ice after collection and then were kept frozen at −10°C, except samples for bacterial analyses, which were refrigerated at 4°C. Samples of feed, orts, feces, and digesta were composited for each steer at the end of each collection period and dried at 50°C for 48 h. These composited samples were ground in a Wiley mill (2-mm screen; Arthur H. Thomas, Philadelphia, PA) and then in a cyclone mill (1093 Cyclotec Sample Mill, Tecator, Hoganas, Sweden) to pass through a 1-mm screen prior to analysis. Samples were analyzed for DM (AOAC, 1984) , N with automated procedures (Bran and Luebbe, Analyzing Technologies, Elmsford, NY) after Kjeldahl digestion (AOAC, 1984) , Cr with atomic absorption spectrophotometry after wet ashing (Spicer et al., 1986; Poore et al., 1991) , and total starch with the amyloglucosidase (Diazyme L-200, Miles Inc., Elkhart, IN) method of Poore et al. (1991) . Extent of in vitro enzymatic starch hydrolysis, expressed as a percentage of total grain starch hydrolyzed by amyloglucosidase in 30 min, was determined for DRS and each FD of SF grains (Poore et al., 1989 (Poore et al., , 1991 .
Duodenal digesta samples collected for bacterial cell analyses were pooled by steer every 24 h, homogenized for 1 min in a blender to dislodge particle-associated bacteria, and strained between three layers of cheesecloth and one layer of foam. Bacterial cells were isolated with differential centrifugation (Smith and McAllan, 1974) , freeze-dried, and analyzed for DM and N content. Purine concentrations of bacterial cells and duodenal samples were measured (Zinn and Owens, 1986) . The proportion of duodenal digesta N of bacterial origin was determined by dividing the N:purine ratio of bacteria by the N:purine ratio of the duodenal sample. Total microbial N flowing into the duodenum was estimated by multiplying total N flows at the site by the proportion of N attributed to bacteria. Feed N flow was calculated by difference and, thus, included endogenous N contributions. Intakes of nutrients and Cr were adjusted for amounts determined in orts. Digestibilities of nutrients at different sites of the digestive tract were determined from ratios of Cr concentrations in DM of feed and duodenal or ileal digesta or feces. Ruminal DM digestion was corrected for microbial DM flow.
The experimental unit was the animal. Statistical analysis was performed after removing a few extreme values (± 2 SD from the mean) from the data. Due to some missing values, data were analyzed with GLM procedures (Minitab, 1996) as a randomized complete block design with four periods and seven blocks (steers). The following model was used: Y ijk = µ + T i + B j + P k + E ijk , where µ = overall mean, T i = treatment effect, B j = block (animal) effect, P k = period effect, and E ijk = random error. Means were subjected to a simple t-test for response to processing method (DR vs mean of all SF densities) and for degree of processing with orthogonal polynomials (linear or quadratic effect of FD). Statistically significant differences between treatments were declared for P ≤ .05 and a tendency for .05 > P ≤ .10. Quadratic effects were not significant for any variable measured. Tabular values are least squares means. With unequal numbers of observations per treatment, the largest SEM (smallest n) appears in the tables.
Experiment 2: Corn Grain
During two periods, the same seven steers used in Exp. 1 (420 kg initial BW) were offered SFC with densities of 437 and 283 g/L (SF34 and SF22) in a crossover design. One steer was fed SF34 but was not fed SF22 because of illness. Diet composition and nutrient analyses are given in Table 1 . Period duration, sampling protocol, and laboratory procedures are described in Exp. 1. Data were analyzed with GLM procedures with seven steers on SF34 and six steers on SF22. Diet and steer effects were tested against residual mean squares.
Results and Discussion
In Vitro Enzymatic Starch Hydrolysis
The extent of in vitro enzymatic starch hydrolysis in 30 min was greater (P < .01) for the mean of all SFS grains than for DRS grain (66 vs 35% of total grain starch; Table 2 ). Rate of hydrolysis also increased linearly (P < .01) as FD of sorghum decreased from SF34 to SF28 to SF22. The percentage of starch hydrolyzed for SF22 sorghum was more than twice that for DRS and 50% higher than for SF34. As with sorghum, enzymatic starch hydrolysis for SFC grain greatly increased (P < .01) when FD was decreased from SF34 to SF22 (69 vs 40%). These data suggest that grains were adequately processed, because our values for DRS and various FD of SFS are similar to previously published values (Xiong et al., 1991; Swingle et al., 1999; Theurer et al., 1999b) .
Experiment 1: Sorghum Grain
Dry Matter. Daily intakes of DM (6.7 kg), starch (3.8 kg), and N (136 g) were similar among treatments (Table  3) . Both grain processing method (SF34, SF28, and SF22 vs DR) and extent of steam processing (changing FD) altered DM digestibilities of sorghum diets by steers. Ruminal DM digestibility was greater (61 vs 52%; P = .04) for steers fed SF vs DR, but total tract digestibilities were similar (79%) for both treatments (Table 3) . Digestibilities of DM increased linearly in the rumen (P = .05) and tended to increase linearly in the total tract (P = .07) when FD was decreased from SF34 to SF22. The DM digestibilities (percentage of intake) in the small intestine tended to be lower (P = .06) for SF vs DR (13 vs 22%), but were not altered by FD. Digestibilities of DM (percentage of intake) in the large intestine were not altered by processing method or degree of steam processing. These changes in DM digestibility in the rumen and small intestine are principally attributed to similar, but greater, changes in starch digestibility. Percentage of grain starch degraded to glucose (as a percentage of total starch) in 30 min by in vitro incubation with amyloglucosidase (four samples/treatment). b DR = dry-rolled, SF = steam-flaked; SF34, SF28, and SF22 were flaked at densities of 437, 360, and 283 g/L, respectively. c C = contrast: for sorghum, DR vs (SF34, SF28, and SF22); for corn, SF34 vs SF22; L = linear effect, and Q = quadratic effect within SF sorghum treatments.
Starch. Sorghum starch digestibilities (percentage of dietary intake) by steers in all segments of the digestive tract were altered by method of processing (SF vs DR) and by extent of processing (decreasing FD). For steers fed SFS, flow of starch to the duodenum and distal ileum and amount of fecal starch was about ¹⁄₂, ¹⁄₃, and ¹⁄₃ of that for steers fed DRS (P = .01; Table 3 ). Steers fed SF diets had higher (P = .01) ruminal (82 vs 67%) and total tract (98.9 vs 96.5%) starch digestibilities than steers fed the DR diet. Consequently, starch digestibility (percentage of intake) for SF in relation to DR was lower in the small (16 vs 28%; P = .01) and large (.5 vs 1.2%; P = .05) intestine. As expected from postruminal data (Theurer, 1986) , starch digestibility within the small intestine, as a percentage of starch presented to the duodenum, was greater (91 vs 85%; P = .01) by steers fed SF vs DR diets. In the large intestine, starch digestion (as a percentage of starch flow from the ileum) was low and similar (31%) for DR and SF diets.
These treatment effects are in agreement with data from two trials by Kartchner (1972) with steers fed similar diets; starch digestibilities (percentage of intake) for steers fed SFS compared to DRS were 74 vs 52% in the rumen, 24 vs 42% in the small intestine, and 98.6 vs 95.6% in the total tract. In the latter studies, starch digestibilities in the small intestine as a percentage of entry were not altered by processing. We are not aware of other studies in which direct comparisons between SFS and DRS grain have been made on starch digestibilities in both the rumen and small intestine. Postruminal, ruminal, and total tract starch digestibilities were increased by feeding SFS compared with DRS in the studies by Hinman and Johnson (1974) and Garcia et al. (1981) .
Within SF diets, reduction of FD linearly decreased the quantity of starch flow to the duodenum (P = .06) and distal ileum (P = .04) and amount of fecal starch output (P = .03; Table 3 ). Reducing FD linearly increased (P = .03) the percentage of starch digested by steers in the rumen and in the total tract. Digestibilities (percentage of intake) decreased linearly (P = .04) in the small intestine, but not in the large intestine. Decreasing FD did not alter starch digestibilities (percentage of entry) in the small or large intestine. These results are similar to those reported by Swingle et al. (1999) : FD (SF32, SF28, SF24, and SF20) of SFS was decreased in both growing and finishing diets for steers. In their study, the greatest changes in starch digestibilities occurred between SF32 and SF28, although digestibilities (percentage of entry) within the small intestine were 20 percentage units lower than those in the present study.
Nitrogen. Processing method (DR vs SF) and degree of processing (FD) of sorghum grain did not alter flow of total, microbial, or feed N to the duodenum or total N to the ileum of steers. Neither microbial efficiencies nor digestibilities of N in the rumen, small intestine, or total tract were altered by DR vs SF. In contrast, Rahnema et al. (1987) reported a decrease in efficiency of bacterial N synthesis and an increase in total tract CP digestibility with steers fed SFS (SF24) compared to DRS diets. Reducing FD tended to decrease (P = .07) microbial efficiencies linearly and to increase (P = .06) digestibilities of N in the total tract linearly (Table 3) . Swingle et al. (1999) also found that decreasing FD linearly increased total N digestibilities.
Microbial N (MN) flows in the present study and in that of Rahnema et al. (1987) did not differ within dietary treatment, but flows were numerically larger by 10% for SF compared to DR. These numerical increases agree with data summarized by Theurer et al. (1996 Theurer et al. ( , 1999a that showed a 10% average increase in MN flow by beef cattle fed diets greater in ruminally degradable starch and by dairy cows fed SFS compared to DRS diets. Our mean values for MN flow for SFS vs DRS (87 vs 80 g/d; Table 3 ) are similar to those reported by Spicer et al. (1986; 81 g/d) for DRS, somewhat lower than those reported by Rahnema et al. (1987;  100 and 90 g/d for SFS and DRS, respectively), and substantially higher than those reported (∼ 53 g/d) by Wanderley et al. (1987) for SFS and Streeter et al. (1990) for DRS. Microbial N as a percentage of total N in duodenal digesta was 46 and 50% for DR and SF diets, respectively. These values are similar to data in other published trials using purines as a marker (Cole et al., 1976; Prigge et al., 1978; Zinn, 1990a Zinn, ,b, 1991 . Microbial efficiencies in the present study are similar to microbial efficiencies calculated from the studies cited above (23 g MN/kg DM truly fermented in the rumen).
Flow of total N to the duodenum exceeded N intake by an average of 30% (mostly endogenous N; Table 3 ). This agrees with blood urea N transfer from the liver to the gut (38% of N intake) by steers fed these same diets in our companion study (Alio, 1997) . Approximately 75% of this urea N cycling to the gut may be transferred to the rumen (Theurer et al., 1990) . By accounting for this ruminal influx of urea N (∼ 40 g/d; Alio, 1997) , estimated ruminal digestibility of feed N in Exp. 1 would increase from 32 to 48%. Spicer et al. (1986) demonstrated a con- Number of observations per treatment are 5 and 6, respectively. sistent increase in ruminal feed N and total tract N digestibilities and bacterial N flow with increased ruminal starch fermentation by steers fed corn-or barley-vs sorghum-based diets. Rooney and Pflugfelder (1986) identified protein bodies and the protein matrix surrounding starch granules as the major causes of low digestibility of sorghum grain. They concluded that steam processing alters protein structures of the grain and facilitates enzymatic access to starch granules, consequently altering ruminal and total digestibility of both starch and protein components.
Experiment 2: Corn Grain
Dry Matter. Steers fed diets with SF22 corn grain had a greater (P = .05) DM intake than steers fed diets with SF34 corn grain. This response was unexpected and contrary to most previously reported data on feed intake of beef animals fed lower FD of SFC or SFS (Zinn et al., 1990a; Xiong et al., 1991; Reinhardt et al., 1997; Swingle et al., 1999; Theurer et al., 1999b) . Unlike SFS (Exp. 1), flaking corn grain to the lower density did not alter ruminal, small intestinal, or total tract digestibility of DM, but it decreased (P = .05) digestibility (percentage of intake) in the large intestine.
Starch. Although starch intake by steers fed SF22 was 7% higher (P = .01), the amount of starch flow to the duodenum (P = .03) was lower by ¹⁄₃ and starch flow to the ileum (P = .06) and fecal starch excretion (P = .09) both tended to be lower by ²⁄₃ than for steers fed SF34 corn (Table 4) . Thus, starch digestibilities (percentage of intake) for SF22 compared to SF34 were increased (P = .02) in the rumen, tended to be decreased (P = .09) in the small and large intestines, and tended to be increased (P = .09) in the total tract. The FD did not alter starch digestibilities (percentage of entry) in the small or large intestine. Decreasing FD of SFC from SF28 to SF24 to SF20 in the study by Zinn (1990a) numerically increased starch digestibilities in the rumen by 9% (P > .10) and linearly increased postruminal and total tract digestibilities. More trials are required to clarify whether starch digestibilities (percentage of entry) in the small intestine are increased by decreasing the FD of SFC. Aguirre et al. (1984) and Zinn (1990b) reported that feeding SF compared to DR corn to steers greatly increased starch digestibilities in the rumen and small intestine (percentage of entry). Similarly, Theurer et al. (1999c) summarized several studies with beef cattle and reported that feeding SFC compared to DR or whole corn increased starch digestibilities in the rumen (81 vs 65%) and postruminally (92 vs 68%).
Nitrogen. Decreasing FD of corn from SF34 to SF22 did not alter flow of total N (226 g/d) or MN (101 g/d) to the duodenum or microbial efficiency or digestibilities of ruminal feed N or N in the small intestine or total tract (Table 4) . These results are in contrast to those of Zinn (1990a) , who reported increased microbial N flow and N digestibilities within the small intestine (percentage of entry) and total tract as FD of SFC decreased from SF28 to SF20. Ruminal digestibilities of feed N were not altered in his study, but they were higher than our values (45 vs 16%). More studies with varying FD of SFC are necessary to clarify the effect of reducing FD on microbial N flow and ruminal feed and total N digestibilities.
Comparison of Corn and Sorghum Studies
Steam-processed corn and sorghum grain flaked at the same densities had similar coefficients of starch digestibility (Tables 3 and 4) , respectively, for the rumen (SF34, 76 vs 77%; SF22, 85 vs 89%), small intestine as a percentage of intake (SF34, 19 vs 20%; SF22, 14 vs 10%) and as percentage of entry (SF34, 84 vs 89%; SF22, 91 vs 92%), and total tract (SF34, 97.3 vs 97.7%; SF22, 99.1 vs 99.6%). In the same manner, starch digestibilities at different digestive sites reported by Zinn (1991) for steers fed SF23 compared to SF28 sorghum grain were similar to those noted in our Exp. 1. Digestibilities in the rumen and total tract were less for SFS than for SFC in Zinn's study (1991) , but this may have been due to the higher FD for SFS vs SFC. In Exp. 1 and 2, the linear increase in enzymatic starch hydrolysis and in vivo starch digestibility values as FD of SFS or SFC was decreased seems to be largely due to greater disruption of starch granules and the gelatinization process within the grain (Rooney and Pflugfelder, 1986) .
Ruminal starch digestibilities (81% of intake) for SFS or SFC diets in the present study were similar to the average value for SFS and SFC (80%) of several studies reported by Theurer et al. (1999c) . As a percentage of starch intake, small intestinal digestibilities in the present study for DRS (28%) were lower than values reported by Kartchner (1972) but greater than those reported by Hibberd et al. (1983) , Streeter et al. (1990) , and Hill et al. (1991) . Similar digestibilities for SFS (16%) and SFC (17%) in the present study agree with values reported by Aguirre et al. (1984) and calculated from the data of Zinn (1990b Zinn ( , 1991 .
The extent of starch digestion (percentage of entry) within the small intestine of cattle seems to differ with both grain source and processing. Kreikemeier et al. (1991) and Kreikemeier and Harmon (1995) infused cornstarch into the abomasum of steers fed alfalfa hay and found that increasing infusion levels greatly increased the amount of starch passing the ileum. Infusion of similar amounts of starch dextrin or partial hydrolysate decreased glucose and starch flow at the ileum. They concluded that the amount of starch digested in the small intestine is limited, due to insufficient pancreatic α-amylase and the brush border enzyme α-1,4 glucosidase. However, with steam flaking, starch digestibility as a percentage of that entering the small intestine can be very high, ranging from 91 to 96% of entry for SFC or SFS in the present study and the studies of Kartchner (1992) and Zinn (1991) . Theurer et al. (1999c) summarized postruminal starch digestibilities (percentage of entry) for several studies and found that values were similar (93%) for SFS and SFC, but values for DRS seemed to be greater than those for DRC (85 vs 68%). The latter postruminal values for DRS agree with the 85% digestibility in the small intestine of the 1.2 to 2.9 kg/d of dietary starch that flowed to the duodenum in the present study (Table 3) and that of Kartchner (1972) . Understanding the process of starch digestion and the extent of digestibility within the small intestine by steers requires more studies with high-concentrate diets, particularly studies to determine the sufficiency of pancreatic and brush border enzymes.
The extent of starch digestion (percentage of intake) in the large intestine is not clear for DR or SF corn or sorghum. In Exp. 1 and 2 (Tables 3 and 4) , starch digestion in the large intestine as a percentage of intake was very small, averaging 1.2% for DRS, .5% for SFS, and 1.0% for SFC. The data for DRS, DR or whole corn, SFS, and SFC from Kartchner (1972) , Lee et al. (1982) , Aguirre et al. (1984) , Zinn (1990b Zinn ( , 1991 , and Swingle et al. (1999) also suggest that starch digestion in the large intestine is quantitatively not important (∼ 2% or less of starch intake). However, several authors have reported starch digestibilities of 6 to 8% in the large intestine for DRS (Hibberd et al., 1983; Streeter et al., 1990; Hill et al., 1991) or DR corn (Streeter et al., 1989; Zinn, 1990b) .
In conclusion, processing method (SFS vs DRS) and increasing the extent of steam processing (reducing FD) of both corn and sorghum consistently increased in vitro starch hydrolysis and in vivo starch digestibility in the rumen and total tract by steers; this is consistent with review summaries (Theurer, 1986; Theurer et al., 1996; Huntington, 1997) . The SFS vs DRS treatment and decreasing FD of SFC or SFS also consistently decreased the amount of dietary starch digested in the small intestine. Decreasing FD of SFC or feeding SFS compared to DRS did not alter N digestibility in the total tract, but reducing FD of SFS tended to increase linearly total N digestibility.
Implications
Increasing the degree of grain processing by decreasing flake density from 437 to 283 g/L (34 to 22 lb/bushel), of steam-processed corn or sorghum grain increased the proportion of starch digested in the rumen and total tract, resulting in less dietary starch digested in the small intestine by beef steers fed high-concentrate diets. Similar responses were found in comparing steam-flaked sorghum to dry-rolled sorghum. Decreasing flake density increased N digestibility when steers were fed sorghum but not when they were fed corn. These changes may partially explain the improved efficiency of gain by feedlot steers fed steam-flaked corn or sorghum grain.
Literature Cited
